We report on the inuence of plasmon resonance in spherical gold nanoparticles on the optical properties of light-harvesting complex LH2 from the purple bacteria Rhodopseudomonas palustris. Systematic studies as a function of the excitation energy and the separation distance indicate that metal enhanced uorescence shows strong dependence upon both of these parameters. We observe substantial increase of the uorescence from LH2 complex in a hybrid nanostructure with 12 nm silica spacer. On the other hand, the enhancement measured with laser tuned into the plasmon resonance is almost threefold compared to the o-resonance conguration. The enhancement of uorescence intensity originates in both cases from the increase of carotenoid absorption in the LH2 complex.
Plasmons, free electron oscillations in metallic nanometric materials, enable strong modications of the electromagnetic eld at the nanoscale [1] thus becoming scientic inspiration for many research elds including photovoltaics and biosensors [2, 3] . One of the most spectacular eects associated with plasmon excitations in metallic nanoparticles is metal-enhanced uorescence [4] , i.e. the increase of the radiative rate of a uorophore due to plasmon coupling. This eect depends among others upon the separation between a uorophore and metallic nanoparticle as well as their spectral properties [5] . Namely the largest values of uorescence enhancement have been observed for distances around 10 20 nm and for metallic nanoparticles with plasmon resonances matched spectrally to the emission range of the uorophore [5] . Analogous consideration is also valid for plasmon-induced increase of absorption rate [68], as observed for photosynthetic complexes responsible for absorption of light. When the separation gets shorter, the nonradiative energy transfer from the uorophore to the metallic nanoparticle takes place leading to ecient quenching of uorescence.
In this work we study the uorescence properties of a hybrid nanostructure comprising spherical Au nanoparticles and light-harvesting complex LH2 from purple bacteria excited on-and o-resonance with respect to the plasmon resonance. The distance between them is controlled via SiO 2 spacer, whose thickness varies from 4 to 40 nm.
For both excitation wavelengths we observe uorescence enhancement for the spacer thickness of 12 nm, but the on-resonance case (485 nm) yields three times stronger eect compared to the o-resonance (405 nm). The insensitivity of the uorescence decay time on the spacer thickness for both excitation wavelengths points towards * corresponding author; e-mail: bujak@fizyka.umk.pl increase of the absorption rate in the light-harvesting complexes coupled to plasmon excitations in metallic nanoparticles.
Materials and methods
The LH2 complexes from Rps. palustris were prepared as described elsewhere [9] . The complexes were stored in is located away from the plasmon resonance (Fig. 2a) , is compared with the results measured for LH2 complexes excited with 485 nm (Fig. 2b) , which is much closer to the plasmon resonance of the Au nanoparticle. It is important to note that both lasers excite the emission of the B850 ring quite eciently due to the energy transfer between carotenoids and BChl molecules [11] . First of all, the uorescence decay features essentially no dependence upon the excitation wavelength, the dierences of uorescence lifetimes are comparable to the experimental accuracy. We also nd weak dependence of the uorescence decay times on the thickness of the SiO 2 spacer.
At the same time the intensity of uorescence emission extracted by integrating the decay curves displays strong dependence upon the thickness of the SiO 2 spacer.
The results obtained for the two laser excitation wavelengths are shown in Fig. 3 . For both cases the enhancement factor features non-monotonic behavior: when reducing the spacer thickness from 40 nm, which we consider our reference, the uorescence intensity starts to increase reaching maximum for the hybrid nanostructure with the spacer of 12 nm. Upon further reduction of the spacer thickness the intensity drops down. The overall dependence of the enhancement factor on the thickness of the dielectric spacer is pretty similar to the one measured for single uorescent molecules coupled to spherical metallic nanoparticles [5] . Importantly, the enhancement of the LH2 emission measured for the o-resonance 
